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Abstract: 

Carbon nanotube array with high orietation two ends was prepared in the microporous hollow of 
anode alumina template by CVD. Then CNTs/SiNWs complex array with core-shell structure was 
obtained due to the form of SiNWs by deposited in the hallow of CNTs. Growing characters and crystal 
structure of CNTs/SiNWs were studied by SEM, TEM, XRD. Its Field Emission (FE) character was 
studied by I-V relation and Fowler-Nordheim formula, and photo luminescence (PL) properties were 
studied by Photoluminescence Spectrum Analysis. It is proved that CNTs/SiNWs core-shell complex 
array structure prepared by using template, can be utilized to produce nano PN junction having 
metal/semiconductor (MS) properties. This complex array structure keep SiNWs enclosed in the inert 
shell of CNTs, which prevents SiNWs were oxidized further in the air. The prepared CNTs/SiNWs 
core-shell complex array structure characterized in it is high ordered in growing direction. It was easy 
to controll the length and diameter of the prepared array. The phenomenon of nano structure curl and 
twist occurred in other methods for preparing nano materials occurred seldom in the process of 
fabricating CNTs/SiNWs complex array. 
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ti&m & W ft lift « «&(AAO)tt ft jgj ffiTL ft , «JBft#*l*«t*(qVD) 

Jift 3ft fej & 7 » & * & * ft (CNTs/SiNWs)& mjL±gSM$L % SEM - TEM . XRD 
**»*«7 CNTs/SiNWs *ftk*FM9*it***4!^*%llrt«!^Mrtfttt&-fc- 
#tt^t> A#£#, flffl /-V* &$> Fowler-Nordheim #Sf £ 7 *«^I^FE)#tt, 
**it^-*r«^-#f T A-fr»«ttlt*(PL)#tt. i£W 7«ft*f<J-S-6«7CNTs/SiNWs««f 
*^»?1i##^rJB*«ftE***m/+**(M«)#tt*** PN ««.^F*.?'J^)ft4- 
ft SiNWs «X& CNTs fe&fflA, ^"»jh SiNWs + tttt-^ftfc. «*ttlft 

CNTs/SiNWs £ fifr-fcA^gft], ft>/*£# 

a*fi*£S ft*ttnj$fl tt^nfissw ra«*tt*g«tti 

tt#tt*»»ffl#«*»^Sto2E*»i£Jft f -«£8&*fl*«(carbon nanotubes, CNTs)W- 
*#^*^(silicon nanowires, SiNWs)WS!l#^rfeW#tt^jSI*jSi?ISAfnWK«e"- 31 , 6 

ftW2fc#tt»£»— SI cnts fn»«=£*c«F*4fc» SiNWs W^-Wlfltilgt 1 , AflTFttttS 

ft SiNWs **mffl&&tt£*ff + ft?UFilft?LHtrt. SiNWs CNTs &K8*$ 

fifc«IBS^^W^^*%^ [8 - ,0] , *4J-#Jffifk#Wtt»S, Young M&*ftmft£*ft#tt 

cnts am»axn£. «f^-*it«*#*ira£^f*£*^w, &*m*&mvi*to—mmm i ¥mm 
xttttyttormttmrnnx. so em, M£ex«7ttmcink»e, 

*m¥ltoxm 0 '"\ £K«A«Ett%HMn-ft-BI(VLS)]liM«-AjSr«feffi#Mtt. ff^*fl* 

m±&m CNTs, M^ffi AAO ^©fe^ SiNWs ^^#^)|SrmilRfeSl[S]^*1 : 6<J?L}HsSi?L 
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-ft 0;3.mol/L l^ftjPO, ««4'X*itS^m?9.999%) afcfrPHftft'ffc, lEi«E*t^fc*ffi^6S 

fn 120 v, figr.= lot. r?L^xX#fc*fjS^f^^|p§&i.W?:^ 

100 W 200 nm. 0 1 fijRTft P-47-SPM-MDT H?^a#^(AFM)T, tTTUg Aa6 
W^tS^W AFM.S. 'r '" . - " >• >• 

«CNTs/StNWsa:^-^[^?lJ..( i ) 5fri#AAO 
IfeSA0.5 mol/LFeSO, • 7H z O WliXMWl* 
15 min, SIl^llErtl^Ji A1 2 0 3 
«J'ffc^»^a'SHd',# WIR-Sifl* . FeS0 4 

EL=*HB&mjs, Fe tt'#«ufc«*fc, a 
' •* cnts, &m # 

fCiftgW. A 0:5- mol/L FeSb 4 • 7H 2 0 /X 

*l«iE8i*l. ft r=750 c CT, iiA -H 2 5(fHsJK- 

' 99.999%), -^ffi!tt^H»fi^^. ^— * 
BaaCVD.to^^MJl^ H #$««?lrtg*i&5£lMfft* FeS0 4 *fc&a&2rl£3r Fe^ 
*#^t^e, % CNTs &gft4»&£fefcJii- ; &#. ^tM?feM#^% 200 Pa, , 1 ~ 2h Jsi fa 
Um^mX 10 cm 3 /min flE*ttZi:ft(C2H 2 , 99.9%)W 10 cmVmin «tftG<J H 2 (*6ffi 99.999%) 
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»W CNTs.^J, «*.$«lfi«»ift#±VI?****. 12 mA/cm 2 , ftgfi 850 eV WAr^frW 
45° Altftii^^JM, ftkmMWT CNTs P^ya_fc"FilltBBfi&«MSd«i*Si. J^fiKM^ffP^ 

cnts mm. myww&t cms mnmskmm, ^M^.mHMuwM^mn 2 H, 10 mmf 

Wa^tt^Slftifl. #m«^ttiP*ftS'J 850«CMtT3 : l : at*W;»S!iHW.ii 10 cmVmin 
Ji^(SiH 4 , >£S,99.999%)» 10 cm 3 /min «[fl W H 2 (&6S 99.999%)^H$, ftB^^T.^fe^W- 
CNTs 6<I?Lit4'tJL5i SiNWs, CKTs/SiNWs ««|Jt^pf?!lSW. 3^-— istS^lW 1 ~ 3 h, JJt^ 
«^ SiH 4 ^^#[^^IRm c P^ii'.H 2 ^^ SiH4*l#iJfcjfe, S«f«FiaK»SSfi. 
5t>f CNTs |^ fO COTs/SiNWs S'a ^ (Hi t^tfe W il ti ^ '^J , i&frTiHTPft: 

( i ) #«WTCNTs^lJWCNTs/SiNWs«|gS^^J^^ksP'rt JkAHjP0 4 »« 
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m cnts ft'soft; in] fr (ii± §)¥), cNTs/siNws &f8££^#ta'^&^#*& : 

5iiai«in^lifc# PN S^ttM CNTs/SiNWs m^J£^S^*fl*^ffiS$IJ STM fr42±, sftnf.; 

a 2(d)l*|ffi S£ CNTs ftSitftBK^tfvfRM SiNWs «J]2iKffe r prTltra(SAED), J^^ffifn^I 
*#£tj, ft^ffifflftfBJ^^ffi^fflMWMW'lf StT, CVD ^jSft^.S CNTs Gmgf^St 

m>&£& SiNWs. MtftmraMig*:, £ CNTs.^AKt^S^^^^lSm*^^. 

mm±&mmmfcR cnts/sinws «ii^fts^-fe*-tffi^waii ll8 i 




13 CNTs/SiNWs ««X-gr%Sttrff?nJW XRD»'<*ffi, 

CNTs Wit^SiD^V S PCPDFWIN tt^t/Jffi#W^f4to 
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«#«Mi»#JMWtt. ftfrK&M Ai 2 o 3 «»W»Jgffl XaE"Sl£JgaE JEOL 

sem ioooe»%^jim^(SEM)T)ia^K8ffffi»*®^^; (ii) mmfttfiiMs&mwLmwjs 

H3PO4 6 mol/L, tBft r= 45^)tfm?S 20 h, ik**3E4H&*. Sffi^?St5feW^ 

Wil*Jg. ffl-^*!»aft?8[atfe^S!l^?8[*®^}R««p8|±,ft hatachi-600 

M{t^(TEM)Tm^^m*l#« CNTs fn CNTs/SiNWs **!*-&{*tt#fll2l£-fc#tE, 

em's CNTs/SiNWs «ffig^a«a*WjSB:%?fiflft(SAED)aiftjftB&^; (jfi) # CNTs 

fp cnts/ siNWs mm$i^mmn, x #»«*r&(XRD)_taHT3a». a* cnt s a 

CNTs/SiNWs ^ft-g-^Pf^Wfi^^H*; (iv) WSfcT CNTs/SiNWs #ffl!ft£4Stttt*IA<)«& 
W(FE)#tt, fcttfcT SiNWs mm CNTs/SiNWs ttil£#m^%SC^(FL)ttt»All#PI. 

CNTs/SiNWs tt«gft£&tttt1Hfe3rXffiP9ft£l£, ~M^«MM3MI. 
S^^^ 19 -" 1 . ^«fef3# CNTs/SiNWs «IBat-g-«f»*«TS— AWtt**** 

Mtt&jure. cNTs/siNWs «««^gft:ftra##ttM£MJ:ftMm*aM&«/ 
#^#(M/s)#tt, *iatftt#w«%?#imj«»#Tws«jtfA. m 2(.a)&m^umm 
m cnts/^ws vtnx.'k&ftwmt sem ^&mmTwm^Kmm^m^, ^mmm®.* 

ft*""^**. ffl 2(b)S^, *JBI(^*ittM#ttiraffiS5fc*l#«l CNTs PSWAgp^ 
fi CNTs M^SJPPW. 8fn&l&l&^*&2i3B, &?L@;fc 200 nm 2e:&M AAO ttSl 
CNTs Pf^ijB*, ^tfWHtn^? 2h B*. **«t»flfe-fe«|*«|5»CNTkft?FPW. a*-Sf*tt?Lfitt 

*»**<*»*C#M C 2 H 2 : H 2 * 1 : 1 ^«?L@«:^:fn®S^/jNB<F H 2 ffifift 

cvd ffift&S7££MM}gj&££tt0tjKJg. ffffi*tt*««*«?L Hg£ 

s£tg* H 2 B<)«tS5f5?fc# CNTs A^:«ffITOaacSE**»?Le. 

CNTs/siNWs mmK^mmm^m, *fflejt»*m**(STM)aEff schonky 

a 2(c)S— & CNTs/SiNWs fKfft£-a-tttttt*»tt TEM f&ft. «TW#aj CNTs ^SPlftft 

®9S« SiNWs *3te. X#«mM3Mlfim49. St. £&KT4ttt8riM#IA**m 

^X4reftJ**!£JS&MIAjra?froftftl* CNTs/SiNWs 

*lllJte^stt»£^i^tfWil«ttjK^s■ I ■ AlI, . *T*ira cnts/sinws ««Mtt«iiHM 
*^s/*#^iiMB<i^^PN^, afn^fflatr^w^s^fij^M CNTs/siNWs ««s-g-^ 

mm&to&m cnts AffftftftAttttttttiettff ^nws w^s cnts n-mmn. 
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3 -tmrngikmrnrnm, a-*««T*»*»4 cnts ^simws^ae^^. s«fb 
*}7&%%t±vEwnm\&&)& cNTs/siNWs ttm*iftttffn. ?E^Tjs?cfn*j-&«) 

CNTs/SiNWs ««a^mW^JW%^#«ftt, Xfttfc-MSPSH* 200 nm W CNTs/SiNWs ® 

iia^^SltSijaBIIlJSiEBJ CVD CNTs/SiNWs ^g-^^^^JWRT^tt. 

l>H«lttit«|JSJ«-W«»i!riS«»* 4 mm 2 , JfcSBEAtt* 2 xlQ-'Pa. S4i^7f 
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CNTs/SiNWs «Wfi^S^»?"J 
W XRD i£*ffl 



S4 CNTs/SiNWs Sffi£^*tte|S£?'JlKl®&at 

ffe«EftJ6i!Iffe£Eftr /-V Gauss fit-g-ffiig 
rt«0a»«®MF-N«l-&iSI. EBPBteEM;*; 100 jim 

#»J* 50 ft 100 urn Ttf)?F;SfeB£ l,9) ft*BJ!&/-V Gauss S^ftSt nm#lU*t[s]-#q a n , |®pj 
PH&IgftMig/K 5FFJg%Mt®;tJ£/jN. Bf§PB&ggft;fcSOnmH-f, ?f^*£E^600V, B&W&flfc 

«&#>iiira. %}£8if&mm2.mu, tE*Mmte%i% 2800 v u*. m£.tt%.m#i% 380 ua, 

95 nA/mm 2 ; & 100 Jim T, # £ fe£Eif iD*J 1250 V. £*Mni«tt3r 2800 V (ft. ^ 
2t»%*tt*285 JIA. ^ItfeStEfc^*/ 71 llA/mm 1 . -SIJiiL^I^6<J^rafeIiE^5!*®ait%«l 
-fiM^-^^Sa^**^. 10- 11 V/jim, ®^iD^«fe$iJ#S<J CNTs P$ 

juw*^#* ii9) . io h mm*&Mmm&mmmmM*miPtHm&xm\&ftnk&&tovt 
tt^m^Ms:^, a-iWttWTat^iswffWftitw^F-Niijjiiitfflaife. £-%cNTsft 

SiNWs B^«2t*M$tttfc« IIMW . ^7 CNTs/SiNWs ttM&g-ttttttaitf^Fiq? CNTs ft 
SiNWs B^JM&^SMSffi. *TS^gf1*l»?!ltt«^*«WPtt«^*^*^, tt»Xt«2U 

ffi-T CNTs ft SiNWs tt«ftffHM*ttM CNTs/SiNWs 

tarn*. ?Fa«a^ttfii»«. 
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ft. %%L&ytitimm.&mgt.. SiNWs ^ CNTs fi*Jg. CNTs tf 14MW®S|g«Mt SiNWs ft^'t' 

2£-#*fc»feffl, m'bJ$.mm sinws £:&ttai*#ttjK&M. ftfnxj- sinws n 
cNTs/siNws «iBJt^fttti»3niw«W3ta«*(PL)2(t;ift&fiEWTii— j^, i^aaww^an^F 

CNTs/SiNWs ^ISS-&l^?f!l^^5rffl*$!|^AW^«/*^^(M/S)#ttW^* PN Jg. ft 
ttTW&ttfcSttfc^lWSfeMaaxtJfe. ifeBTte SiNWs CNTs Ittt^rt, »jhT 

siNw s ft^^twia-^^. M#fflttjr/£**im£&*ffl*MJ¥. M^m^mm^ 
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